Background: The pathologic identification of 12 or more lymph nodes (LN) after colectomy for colon cancer became a quality indicator for surgery in 2001. We investigated whether this new standard of care was differentially adopted across racial and socioeconomic lines.
Introduction
Despite advances in the prevention, screening, and treatment of colon cancer in the United States, there remain persistent disparities in colon cancer outcomes based on race and socioeconomic status (SES). Black men and women have higher colon cancer incidence and mortality rates (1) , lower rates of screening (2) , are more likely to be diagnosed at an advanced stage (3) , and have worse stage-for-stage survival when compared with whites (4) . Groups of lower SES likewise exhibit lower screening rates (5) and higher mortality related to colorectal cancer than their higher socioeconomic counterparts, when matched stage for stage (1, 6) .
Observational studies in the late 1990s revealed that the proportion of patients with positive lymph nodes (LN) increased when more LNs were examined, suggesting that an increased number of LNs examined yields more accurate staging (7, 8) . Subsequent population-based studies (9) , as well as randomized clinical trials evaluating chemotherapy (10) , showed a relationship between the number of LNs dissected and increased survival rates. The relationship between the quantity of LNs dissected and survival gained increasing acceptance in the oncologic and surgical communities, and beginning in 2001, a minimum recommended number of LNs (defined as 12) dissected during tumor resection was incorporated into surgical guidelines as a quality measure (11) (12) (13) .
We aimed to determine the extent to which race or SES are associated with the extent of LN dissection, and to identify other factors that contribute to such differences.
Materials and Methods

Study Population
We identified 142,425 patients with histologically confirmed, invasive, American Joint Committee on Cancer (AJCC) stage I to III colon cancer who underwent colectomy between January 1, 1988 and December 31, 2004 in the Surveillance, Epidemiology, and End Results (SEER) program using SEER*Stat version 6.2.3.
The SEER program has recorded incident cancers from nine registries since 1973, but has only included AJCC staging information since 1988. In 1992, the program was expanded to include four additional sites. In 2000, it was expanded again to its current set of 17 registries. The SEER Public Use Data includes data on patient age, sex, race, year of diagnosis, and geographic location, and provides information regarding stage of disease, tumor grade, tumor extension, histology, LN status, and overall survival. SEER also contains area socioeconomic data, including poverty level, educational attainment, and median household income.
Patients were sequentially excluded if they had a diagnosis of familial adenomatous polyposis (n = 93), a nonspecified number of LNs dissected (n = 4,803), a nonspecified number of positive LNs (n = 77), or inconsistent stage/positive nodes information (n = 95). Finally, we excluded all cases with T 1 tumors (n = 15,311), as well as any patients who were not identified in SEER as being of either "white" or "black" race (n = 10,707), yielding a final sample size of n = 111,339.
Study Variables
Clinical and Demographic Characteristics. Variables for tumor extent, number of nodes examined, number of positive nodes, the subsite of the tumor within the colon, tumor grade, and staging information were used. Tumor grade was categorized as "high" if it was grade 3 or 4 (poorly differentiated, undifferentiated), "low" if it was grade 1 or 2 (well differentiated, moderately differentiated), and "unknown" if it was not recorded. The number of nodes examined was categorized as <12 versus ≥12 in accordance with current guidelines (13) . Tumor subsite was grouped into four categories corresponding to the proximal colon (cecum, appendix, and right ascending colon), the transverse colon (hepatic flexure, transverse colon, splenic flexure), the distal colon (descending left colon, sigmoid), and unspecified (overlapping lesion, colon not otherwise specified).
Demographic information included year of diagnosis, age at diagnosis, race, sex, and marital status. Age at diagnosis was grouped into four categories: <60, 60 to 69, 70 to 79, and ≥80 y of age. Patients were categorized by marital status at the time of diagnosis as married, unmarried (single, divorced, widowed, or separated), or unknown.
SES. The SEER database contains a variety of socioeconomic data from the 1990 and 2000 census. Due to concerns over maintaining patient confidentiality, only the county level census data is publicly available. Although inferior to data collected at the ZIP code or census block group, county level census data are generally accepted as crude proxy measures of the elements of a patient's social environment-such as level of economic deprivation, social inequality, resource availability, opportunity structure, or living conditions (14) (15) (16) (17) (18) . Based on an exhaustive review of area-based socioeconomic measures by Krieger et al., we used a composite measure of area SES by incorporating three different variables from the county level 1990 census data: median household income, percentage of persons 25 y of age or older with at least a high school education, and percentage of people below the poverty level. For each of the three county level SES measures, patients were ranked into quintiles such that those in the first quintile consisted of patients living in areas in the highest fifth for household income, educational attainment, and the lowest fifth with respect to percentage of people below the poverty level. Each patient was then assigned a composite SES score based on the average of these three rankings. Our decision to use a composite area-based socioeconomic measure was made in the interests of retaining the most parsimonious statistical model, and in an effort to make our results comparable to other SEERbased health disparities studies (17) .
To test the sensitivity of the SES findings, we generated three alternate measures of area SES for use in the logistic models. In the first, we used the adjusted median household income, educational attainment, and poverty level data fields from the 2000 census. The second method used the race-specific data from the 2000 census data for educational attainment and poverty in addition to adjusted median household income. In the third method, we assigned each patient his/her average area SES rank based on the closest available census data, in which patients diagnosed prior to 1996 were linked to the 1990 census data and those diagnosed after used the 2000 census.
Statistical Analysis
We used the χ 2 test to compare the distributions of demographic and clinical characteristics (age, marital status, stage, tumor extension, number of positive LNs, number of LNs examined, year of diagnosis, tumor grade, and tumor subsite) of the patients by race and SES, separately. We conducted univariate analyses of tumor stage, nodes examined, and number of positive LNs to identify differences in these distributions by race and SES, respectively. We used the KolmogorovSmirnoff procedure to test for the normality of the distributions of continuous variables and, for nonnormally distributed data, the nonparametric Wilcoxon test to assess statistically significant differences in the distribution of number of nodes examined between races and SES quintiles. Logistic regression models were used to measure the independent effects of race and/or SES on the odds of having ≥12 LNs examined. Each model was adjusted for selected covariates, including year of diagnosis, age at diagnosis, sex, marital status, T stage, grade, and subsite. We then tested for multiplicative statistical interactions between race and year of diagnosis, and SES and year of diagnosis, respectively. Finally, we stratified the final logistic models by year of diagnosis to examine temporal trends. All statistical analyses were done using SAS version 9.1.3. Table 1 presents the distributions of age at diagnosis, sex, and selected clinical and demographic characteristics among 11,127 black and 100,212 white patients who received colectomy for T 2-4 colon cancer. Black patients were on average 5 years younger at diagnosis, with a median age of 66 for blacks and 71 for whites (P < 0.0001). Black patients were less frequently married at the time of diagnosis when compared with whites (40.6% versus 55.7%, respectively; P < 0.0001). Black and white patients differed significantly by composite area SES score, with 23.6% of black patients ranked in the wealthiest two quintiles, compared with 42.2% of white patients (P < 0.0001). Differences of this magnitude and significance were consistent across the specific elements of SES (income, education, poverty), as well as the three alternate area SES measures. Clinically, black patients had more advanced disease compared with whites with respect to both stage at diagnosis (P < 0.0001) and T stage (P = 0.0024). Overall, more black patients than white had nodal involvement (P < 0.0001); however, among those with one or more positive nodes, black patients had fewer positive nodes identified when compared with white patients (3.2 versus 3.5, respectively; P < 0.0001). The tumors of black patients were 15.3% high-grade compared with 21.1% among whites (P < 0.0001). The overall proportions of black and white patients that had ≥12 nodes dissected were similar with 47.2% of black and 46.2% of white patients (P = 0.04). Figure 1 illustrates the temporal increase in the number of LNs examined using a histogram of the overall percentages of colon cancer cases within different categories of nodes examined. Between 1988 and 2004, the proportion of individuals having ≥12 LNs examined after receiving a colectomy for a T 2 or greater colon cancer increased from 37.6% to 56.2%.
We used multivariate logistic regression models to identify factors associated with having ≥12 LNs examined. Among the findings that were consistent with previous study results (19), we found that later year of diagnosis [odds ratio, 1.05; 95% confidence interval (CI), 1.04-1.06], younger age at diagnosis (1.18; 95% CI, 1.17-1.19) per 10 years, and high grade versus low grade of tumor (1.17; 95% CI, 1.13-1.20) were each independently associated with significantly greater odds of having ≥12 LNs examined. In addition, we found that patients with T 3 (1.51; 95% CI, 1.46-1.56) or T 4 (1.35; 95% CI, 1.29-1.40) tumors were at an increased odds compared with those with T 2 tumors, and that tumors of the transverse (0.90; 95% CI, 0.87-0.93) or distal colon (0.48; 95% CI, 0.46-0.49) had lower odds when compared with tumors of the proximal colon.
White patients had a small but significantly increased odds of having ≥12 LNs examined compared with black patients (1.06; 95% CI, 1.02-1.10); however, after adjustment for SES (in addition to the aforementioned clinical and demographic factors), the effect of race was effectively nullified (1.00; 95% CI, 0.96-1.04). Moreover, the addition of SES to the model as a set of ordinal categorical variables revealed a positive trend in the odds for having ≥12 LNs examined with each increase in SES category when compared with the lowest (P trend < 0.001).
We also found a statistically significant positive interaction between SES and year of diagnosis (P < 0.001), suggesting that the association between a patient's SES and their odds of having ≥12 LNs examined had increased each year significantly more than would be expected from multiplying their individual effects (P < 0.0001) based on a generalized Wald test to simultaneously test all four interaction terms. A positive interaction was also noted between race and year of diagnosis (P < 0.001), which was similarly rendered statistically insignificant after adjustment for SES. To further explore these interactions, we did stratified analyses of the models of SES, adjusted for race, as well as clinical and demographic factors. Figure 2 shows the odds ratios of having ≥12 LNs examined comparing the lowest to highest area SES groups, by year of diagnosis. This figure illustrates that prior to 2000, a patient's odds of having ≥12 LNs examined were equivalent, whether they were in the highest or lowest area SES quintile, whereas from 2000 to 2004, these odds ratios began to increase significantly. Figure 3 examines this relationship comparing the low SES reference category to increasing quintiles of SES, grouping year of diagnosis into categories corresponding with previously published findings regarding the clinical significance of the extent of LN dissection. From the year 2000 onward, an individual's odds of having ≥12 LNs examined increased as a linear function of their area SES quintile (P trend < 0.001).
A similar interaction was noted between patient race and year of diagnosis (P < 0.001) when unadjusted for SES. Prior to 2000, black and white patients did not differ significantly with regard to the odds of having ≥12 LNs examined. Whereas, each year thereafter, white patients had a modest but significantly greater odds of having ≥12 LNs examined when compared with black patients. This relationship was, similarly, rendered nonsignificant after adjustment for SES.
Discussion
In this database of 111,339 patients with stage I to III colorectal cancer, we found that white patients were more likely than black patients to undergo an adequate LN dissection, after adjustment for age, year of diagnosis, sex, tumor grade, T stage, and subsite within the colon. However, after adjustment for SES, this disparity was nullified. We also found that SES disparities in rates of adequate LN dissection emerged only in the most recent years of the analysis, temporally coinciding with the emerging consensus that more LN dissections were associated with improved outcomes. Our finding that SES was the primary driver of treatment disparity rather than race is consistent with prior analyses of colorectal cancer outcomes which found that the observed racial disparities were greatly diminished after adjusting for SES (17, 20) .
The extent of LN dissection is an important predictor of survival in colon cancer (9, 10, 21) . There are multiple explanations for this phenomenon. The number of LNs resected may be a surrogate for the extent of resection, with a higher number of LNs reflecting a more complete resection of tumor and its lymphatic supply. Alternatively, the number of resected LNs might reflect a more complete examination by the pathologist, and might lead to a more accurate overall staging of the tumor. Indeed, a low ratio of metastatic to examined LNs is associated with an improved prognosis, but only if a sufficient quantity of LNs is examined; a low so-called LN ratio is not prognostic in patients with <10 LNs removed (22) .
The consideration of LN dissection as a quality standard has generated controversy, as there is no consensus on a mechanistic explanation for this proposed protective effect. Moreover, because the studies associating adequate LN dissection with improved outcomes are all observational, the possibility remains that LN dissection may be a correlate, but not a cause of increased survival (23). For example, colectomy specimens with more LNs present may reflect a greater immunologic response to the tumor rather than the extent of dissection, or thoroughness of pathologic examination.
Despite the uncertainty raised by some authors regarding the mechanism and true causation, using the number of LNs dissected as a metric has been gradually accepted in clinical practice. In the late 1990s, data emerged which indicated that increasing numbers of LNs examined was associated with an increased probability of identifying metastatic disease (7, 8) . Adequate LN dissection was then formally accepted as a quality measure in surgical guidelines beginning in 2001 (11) (12) (13) . Despite its emerging acceptance, this standard is often not achieved in clinical practice. A SEER-based study revealed that in 2001, only 44% of patients undergoing surgical resection for colon cancer had ≥12 LNs removed (19) . Our results closely matched these previously reported findings, and show that by 2004, the rate of adequate LN dissection had reached only 56%. Given the striking gap between the standard of care and everyday clinical practice, we hypothesized that the racial and socioeconomic disparities observed in colon cancer outcomes may be due to differences in the degree of LN dissection, and sought to test whether such treatment differences exist.
We were surprised to discover that disparities in LN dissection were only present in more recent years. Prior to the year 2000, there were no observed differences in the odds of receiving an adequate LN dissection between black and white patients, or between those of the highest and lowest categories of county level SES after adjusting for clinical and demographic characteristics. However, beginning in 2000, we found a significant increase in the difference of LN dissection rates between these groups. Intriguingly, the emergence of this disparity coincides temporally with the dissemination of observational evidence of a beneficial association of adequate LN dissection with survival.
As these racial and socioeconomic differences of adequate LN dissection have only developed in recent years, they are not an adequate explanation of longstanding disparities in outcomes. Rather, this emerging racial and socioeconomic disparity in LN dissection rate more likely reflects a well-described phenomenon that occurs whenever a medical advance (or, in this case, a proposed quality measure) develops; those who initially benefit from the advance tend to be those with the greatest social resources, such as education and wealth (24) . Thus, the dissemination of this new quality of care standard occurs within a preexisting social structure, being differentially adopted across socioeconomic strata, which is then reflected in the emergence of the described disparities. Of note, the emergence of this disparity does not prove a beneficial effect of adequate LN dissection. Rather, the disparity reflects disparate adoption of a medical innovation based on the resources described above.
Our study has several limitations. As this analysis uses a population database, we were unable to include variables that might have an effect on the odds of adequate LN dissection, such as the type of hospital, the experience of the surgeon, and the resources and experience of the examining pathologist. Another limitation is that we lacked information on comorbidities and performance status which may be associated with SES, and influence the extent of the LN dissection. An alternate explanation of our findings that we were not able to test using this data set involves the increase in the rate of obesity in the last 10 years. Obesity disproportionately affects lower SES individuals, and might reduce the facility with which a pathologist is able to identify LNs within a surgical specimen, thereby creating the appearance that lower SES predicts fewer nodes examined.
The primary limitation of our study is the fact that our ascertainment of SES was limited to county level census data which has some distinct and welldescribed limitations (25) (26) (27) (28) . Krieger et al. have shown that the effects of sociodemographic factors on mortality vary when different-size geographic units are used. For instance, when evaluating area-based socioeconomic effects, smaller units of measurement (such as the census tract or block group) are more sensitive to gradients than larger area metrics (zip code or county) and offer the strongest and most consistent results (29) . The use of county level SES measurements are at a distinctly increased likelihood of type II error, which would bias any SES effects toward the null. To examine the possibility that our findings were due to chance, we reproduced our findings using three alternate measures of SES. Yet, despite these limitations, our findings seem robust, and were replicated using a variety of single as well as composite area SES measures from both 1990 and 2000. We also tested the sensitivity of our results to changes in the SEER source population due to the expansions of the number of registries in 1992 and 2000. Despite large differences in the patient samples, our findings were similar with respect to magnitude, statistical significance, temporal, and dose response trends.
We conclude that in this analysis of a large cancer database, SES disparities in adequate LN dissection rates began to appear in the year 2000, which may reflect the preferential adoption of an emerging standard of care among those patients with greater social resources. Future efforts are needed to elucidate the mechanistic relationship between LN dissection and prognosis. Future efforts should also focus on improving adherence to quality guidelines across all socioeconomic strata.
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